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Technical Field 

The present invention relates to a vehicle 
occupant protection apparatus and, in particular, to a 
vehicle occupant protection device that is actuated by 
fluid under pressure. 

Description of the Prior Art: 

European Patent Application EP 0 903 487 A2 
describes an integrated pulsed propulsion system for a 
microsatellite and, in particular, a microthruster for 
a microsatellite. The microthruster is formed with a 
chamber closed by a diaphragm, which acts as a blow-out 
disk. A fluid, such as an inert gas, is disposed 
within the chamber. Heating of the gas causes the gas 
pressure to increase until the diaphragm ruptures, 
which, in turn, causes the gas to flow out of the 
chamber. The flowing gas acts as a propellant, and 



provides a small unit of force. The microthruster is 
adapted to be formed by known batch processing methods 



with 104 to 106 microthrusters per wafer. The unit of 
force can be scaled by varying the number of 
microthrusters used for an application, the geometry of 
the chamber, and the type of fluid used within the 
chamber . 

The microthruster described in EP 0 903' 487 A2 is 
described elsewhere in the literature as consisting of 
a 3-layer sandwich. The top layer contains an array of 
thin diaphragms (0.5 micron thick silicon nitride, 190 
or 290 or 390 microns square) . The middle layer 
contains an array of through-holes (Schott FOTURAN® 
photosensitive glass, 1.5 mm thick, 300, 500, or 700 
micron diameter holes), which are loaded with 
propellant. The bottom layer contains a matching array 
of polysilicon micro-resistors. The bottom two layers 
are bonded together, then fueled, then the top layer is 
bonded to complete the assembly. With different sizes 
of plenum holes, diaphragms, and resistors, many 
different configurations can be assembled. 

This type of microthruster is one type of device 
known in the art as a ^'microelectromechanical system 
device", or ""MEMS device". This type of device is 
known for use in a variety of applications. For 
example, U.S. Patent No. 5,880,921 discloses a 
monolithically integrated switched capacitor bank using 
MEMS technology. 
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Suiomaary of the Invention 

The present invention is an apparatus for helping 
to protect a vehicle occupant. The apparatus comprises 
an actuatable vehicle occupant protection device, and a 
5 microelectromechanical system (MEMS) device energizable 

to cause actuation of the protection device. 

In one embodiment, the MEMS device is an 
energizable fluid source for emitting a primary fluid 
for actuating an inflatable protection device. The 
10 apparatus may comprise a plurality of MEMS devices 

- individually actuatable to control inflation of the 
t-^j protection device. 

! St: 

y H 

^1 In another embodiment of the invention, the 

=■'1^ apparatus comprises an array of individually 

15 energizable devices for emitting either inflation fluid 

or combustion products for actuating the protection 
device, and means for energizing selected ones of the 
array of individually energizable devices. The means 
for energizing comprises a base extending across the 
20 array including a substrate on which are formed a 

plurality of electric heating elements associated one 
with each of the energizable devices. The means for 
energizing further comprises control means for 
directing electric current into selected ones- of the 
25 plurality of electric heating elements to energize the 

selected ones of the energizable devices. 



Brief Description of the Drawings 

The foregoing and other features of the present 
invention will become apparent to one skilled in the 
art to which the present invention relates upon 
5 consideration of the following description of the 

invention with reference to the accompanying drawings, 
in which: 

Fig. 1 is a block diagram view of an apparatus for 
helping to protect a vehicle occupant, constructed in 
10 accordance with a first embodiment of the present 

^il invention; 

[J1 Fig. 2 is a partial perspective view of an 

Ui 

M inflator that forms part of the apparatus of Fig. 1; 

4- Fig. 3 is an enlarged sectional view of one MEMS 

G 15 device that forms part of the inflator of Fig. 2; 

p Fig. 4 is an exploded perspective view of the MEMS 

01; 

CJ device of Fig. 3; 

Fig. 5 is a schematic illustration of an apparatus 
for helping to protect a vehicle occupant, constructed 
20 in accordance with a second embodiment of the present 

invention; 

Fig. 6 is a schematic sectional view of an 
apparatus for helping to protect a vehicle occupant, 
constructed in accordance with a third embodiment of 
25 the present invention; 



Fig- 7 is a schematic sectional view of an 
apparatus for helping to protect a vehicle occupant, 
constructed in accordance with a fourth embodiment of 
the present invention; 

Fig. 8 is a schematic sectional view of an 
apparatus for helping to protect a vehicle occupant, 
constructed in accordance with a fifth embodiment of 
the present inventions- 
Fig. 9 is a schematic sectional view of an 
apparatus for helping to protect a vehicle occupant, 
constructed in accordance with a sixth embodiment of 
the present inventions- 
Fig. 10 is a schematic end view of the apparatus 
of Fig. 9, taken along line 10-10; and 

Fig. 11 is a schematic sectional view of an 
apparatus for helping to protect a vehicle occupant, 
constructed in accordance with a seventh embodiment of 
the present invention. 

Detailed Descrip-bion of Embodimenfcs of the Invent:ion 

The present invention relates to a vehicle 
occupant protection apparatus. As representative of 
the present invention. Fig. 1 illustrates schematically 
an apparatus 10 for helping to protect a vehicle 
occupant. The apparatus 10 includes a particular 
actuatable vehicle occupant protection device in the 



form of an air bag 12. Other actuatable vehicle 
occupant protection devices that can be used in 
accordance with the invention include, for example, 
inflatable seat belts, inflatable knee bolsters, 
inflatable head liners, inflatable side curtains, knee 
bolsters actuated by air bags, and seat belt 
pretensioners . 

The air bag 12 is preferably made from a flexible 
fabric material, such as woven nylon. The air bag 12 
can alternatively be made from a non-woven material, 
such as plastic film. The use of plastic film, in 
particular, would require one or more inflation fluid 
vents to be formed in the air bag 12, as is known in 
the art. 

The apparatus 10 also includes an inflator 14, 
described below in detail, for actuating the device 12. 
The apparatus 10 further includes vehicle electric 
circuitry 16 for energizing the inflator 14 when it is 
desired to help protect the vehicle occupant by 
actuating the device 12. The vehicle electric 
circuitry 16 includes a controller 18. 

The controller 18 preferably includes one or more 
microprocessors for controlling operation of the 
inflator 14. The controller 18 may, for example, be a 
plurality of discrete components and/or a combination 
of discrete components and integrated circuits. In one 



example, the controller 18 is a microcomputer that 
receives sensory input from one or more sources, such 
as occupant condition sensors and vehicle condition 
sensors, and, using the sensory input, makes 
determinations for control of the inflator 14. 

The inflator 14 is illustrated schematically in 
more detail in Figs. 2-4. The inflator 14 includes a 
plurality of microelectromechanical system (MEMS) 
devices 20. Each one of the MEMS devices 20 is 
configured as shown in Fig. 4. Each one of the MEMS 
devices 20 is a multi-layered device that may be 
manufactured in a manner similar to that described in 
European Patent Application EP 0 903 487 A2, and in the 
article D. Lewis, et al., ^^Digital Micropropulsion" , 
Sensors and Actuators A: Physical, Vol. 80, No. 2, 
Elsevier, March, 2000, p. 143-154. 

Each MEMS device 20 includes a bottom layer or 
base 22. The base 22 is made from a rectangular block 
of material the upper surface 24 of which includes 
electric circuitry 26. The electric circuitry 26 
includes a plurality of individually energizable 
electric heating elements 28 connected with terminal 
pins 30. In the illustrated embodiment, the electric 
circuitry 26 includes nine individually energizable 
electric heating elements 28 connected with nine 



terminal pins 30 The nine heating elements 28 are 
spaced apart in a rectangular 3x3 array on the base 22. 

The base 22 may be made using standard 
complementary metal oxide semiconductor (CMOS) 
processes- The base 22 may be made from silicon or 
other suitable material. The base 22 may be made from 
silicon or other suitable material, such a polyimide or 
ceramic . 

The heating elements 28 may be polysilicon 
resistors or other micro-resistors. The heating 
elements may also be reactive bridges, as described 
below. The electric circuitry on the base 22 may 
include address and control electronics. 

The MEMS device 20 also includes a middle layer 32 
formed on the base 22. The middle layer 32 includes a 
propellant block 34. The propellant block 34 defines a 
series of cylindrical plenums or propellant 
chambers 36. In the illustrated embodiment, the 
propellant block 34 includes nine propellant 
chambers 36. The nine propellant chambers 36 are 
spaced apart in the propellant block 34 in the same 
rectangular 3x3 array as the nine heating elements 28 
on the base 22. The heating elements 28 are associated 
in a one-to-one relationship with the propellant 
chambers 36 for, when energized, heating the contents 
of the propellant chambers. 



One suitable material for the propellant block 34 
is hard anodized aluminum. Another suitable material 
is Foturan brand photosensitive glass. Foturan is a 
registered trademark of Schott Glaswerke of Mainz, 
Germany for its products made of glass or glass ceramic 
materials. These materials can be used to make very 
fine structures with tight tolerances and high aspect 
ratios (hole depth to hole width) . 

The middle layer 32 of the MEMS device 20 also 
includes, in each one of the chambers 36, contents that 
are heatable to increase the pressure in the chamber. 
In the illustrated embodiment, the contents of the 
chambers 36 are bodies 38 of a solid propellant 
material, or pyrotechnic material, which is actuatable, 
or ignitable, upon the application of heat, to produce 
fluid under pressure. Each propellant body 38 has a 
cylindrical configuration and fills a respective one of 
the propellant chambers 36. 

One suitable material for the propellant bodies 38 
is zirconium potassium perchlorate, which is commonly 
used in igniters for air bag inflators. Another 
suitable material is potassium dinitrobenzof uroxan 
(KDNBF) . 

The MEMS device 20 also includes a top layer or 
outer layer 40 having a plurality of individually 
rupturable segments or diaphragms 42, which serve as 



burst disks. The diaphragms 42 are thin-walled 
portions of the outer layer 40. In the illustrated 
embodiment, the outer layer 40 includes nine individual 
diaphragms 42. The nine diaphragms 42 are spaced apart 
in the outer layer 40 in the same rectangular 3x3 array 
as the nine propellant chambers 36 and the nine heating 
elements 28. 

The outer layer 40 may be made from silicon 
nitride. The diaphragms 42 may be thin silicon nitride 
remaining after an anisotropic wet etch through a 
silicon wafer. Other suitable materials include 
ceramics, such as silicon carbide, and metals. The 
outer layer 40 may also be made from aluminum tape or 
Kapton brand tape. The three layers 22, 32 and 40 may 
be bonded together by any suitable method, such' as with 
a high performance adhesive tape or an aerospace grade 
RTV adhesive. 

The individual diaphragms 42 of the outer layer 4 0 
are associated in a one-to-one relationship with the 
individual propellant chambers 36. Each diaphragm 42 
closes a respective propellant chamber 36. Each one of 
the diaphragms 42 is rupturable due to an increase in 
pressure in its associated chamber 36 to enable flow of 
fluid out of the chamber. 

The individual MEMS devices 20 are mounted in an 
array as illustrated in Fig. 2 to form the inf later 14. 



Specifically, the MEMS devices 20 are mounted in a 
housing shown partially at 50. The housing 50 has a 
base 52, The inflator base 52 has a pair of lead 
wires 54, which are electrically connected with pin 
mounting openings (not shown) in the base 52 for 
receiving the terminal pins 30 of all of the MEMS 
devices 20. 

The terminal pins 30 of each MEMS device 20 engage 
in pin mounting openings of the housing base 52 to 
connect the MEMS devices electrically with the lead 
wires 54. The lead wires 54 are electrically connected 
with the vehicle electric circuitry 16. 

In the event of a vehicle collision or other event 
for which protection of the vehicle occupant is 
desired, the vehicle electric circuitry 16 sends an 
actuation signal over the lead wires 54 to the 
inflator 14. The vehicle electric circuitry 16 is 
operable to provide an actuation signal for energizing 
any selected one or more of the MEMS devices 20 in the 
inflator 14, at a selected time. In addition, the 
vehicle electric circuitry 16 is operable to provide an 
actuation signal for energizing any selected one or 
more of the heating elements 28 within each one of the 
MEMS devices 20, at a selected time. Thus, the 
inflator 14 is effectively 'Migital" in construction 
and operation, that is, comprising a very large number 



of discrete, individually actuatable inflation fluid 
sources. 

When an individual heating element 28 of one of 
the MEMS devices 20 is energized, it generates heat, 
which is transmitted into the associated propellant 
body 38. The propellant body 38 ignites and generates 
a primary fluid under pressure in the associated 
propellant chamber 36. The increased pressure in the 
propellant chamber 36 causes the associated 
diaphragm 42 of the top layer 40 to rupture, which 
enables the primary fluid to flow out of the chamber. 

The primary fluid is directed, by a reaction 
canister or other device shown schematically at 58 
(Fig. 1), to the occupant protection device 12. In the 
illustrated embodiment, the occupant protection 
device 12 is an air bag, and the air bag is inflated by 
the primary fluid flowing from the inf later 14. The 
apparatus 10 could include a device other than a 
reaction canister for directing the primary fluid to 
the occupant protection device 12. For example, the 
apparatus 10 could be a seat mounted air bag module 
with a diffuser that directs inflation fluid into an 
air bag, or a side curtain assembly including a fill 
tube that directs inflation fluid into an inflatable 
side curtain. Alternatively, the apparatus 10 could be 
a driver side air bag module including a housing for a 



plurality of MEMS devices, the housing having inflation 
fluid outlets that direct inflation fluid into an 
inflatable driver side air bag. 

The fluid output of the inflator 14 is dependent 
on, and varies with, the number of MEMS devices 20 that 
are energized, the number of propellant bodies 38 that 
are ignited, and the time at which each individual 
propellant body is ignited. The output is also 
dependent on the volume of each propellant chamber 36, 
and the type and amount of propellant 38 disposed in 
the propellant chambers. 

In the microthruster application described in 
European Patent Application EP 0 903 487 A2, each 
plenum or propellant chamber is about 1.5 mm tall 
(axial length) and up to about 0.7 mm in diameter. 
When MEMS devices of this type serve as a primary fluid 
source, as in the embodiment of Figs. 1-4, for a 
vehicle occupant protection device such as an air bag, 
the depth of each plenum chamber can be increased to up 
to 10 mm or more, and the diameter of each plenum can 
be increased by at least a factor of two. Also, a 
tapered chamber may be used, rather than a cylindrical 
chamber. Increasing both the diameter and the depth of 
a plenum chamber can increase the volume of the plenum 
by a factor of 12. A MEMS device for use in the 
inflator 14, having an array of from three to fifteen 



plenums, may be about one half inch square (in length 
and width) , A plurality of individual actuatable 
devices of this size can provide an inflator having 
fluid output sufficient to inflate an air bag or other 
inflatable vehicle occupant protection device. 

An inflator 14 in accordance with this embodiment 
of the invention can include a vast number of 
propellant bodies 38, thus enabling a substantial range 
of tailoring of the fluid output of the inflator 14, 
The vehicle electric circuitry 16 can control the rate 
of fluid output of the inflator 14 over a period of 
time, by selectively causing the ignition of any one or 
more of a plurality of propellant bodies 38 over a 
selected period of time. The controller 18 is 
operative, in a known manner, to actuate the propellant 
bodies 38 all at once or in any controlled sequence 
depending on information about the vehicle event and 
occupant information received from appropriate sensors 
forming part of the vehicle electric circuitry 16. 

Fig. 5 illustrates schematically an inflator 60 
constructed in accordance with a second embodiment of 
the invention. The inflator 60 includes a plurality of 
inflator sections. In the illustrated embodiment, 
three inflator sections 62, 64 and 66 are provided. 
The inflator sections 62, 64 and 66 include MEMS 



devices that are of the type described above with 
reference to Figs- 1-4. 

The inflator section 62 includes a plurality of 
inflation fluid outlets 68 arranged in a linear array. 
The inflator section 62 includes a plurality of 
individually energizable MEMS devices 70. The output 
of each one of the MEMS devices 70 is directed through 
an individual one of the inflation fluid outlets 68. 
The inflator section 62 is energizable via lead wires 
indicated schematically at 72. 

The inflator section 64 includes a plurality of 
inflation fluid outlets 74 arranged in a linear array. 
The inflator section 64 includes a plurality of 
individually energizable MEMS devices 76. The output 
of each one of the MEMS devices 7 6 is directed through 
an individual one of the inflation fluid outlets 74'. 
The ir*iflator section 64 is energizable via lead wires 
indicated schematically at 78. 

The inflator section 66 includes a plurality of 
inflation fluid outlets 80 arranged in a linear array. 
The inflator section 66 includes a plurality of 
individually energizable MEMS devices 82. The output 
of each one of the MEMS devices 82 is directed through 
an individual one of the inflation fluid outlets 80. 
The inflator section 66 is energizable via lead wires 
indicated schematically at 84. 



The inflator sections 62-66 are mounted within an 
air bag indicated schematically at 90. The inflator 
sections -62=6^ are oriented differently from each other 
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within the air bag 90. Specifically, the inflator 
section 62 is oriented so that its inflation fluid 
outlets 68 are pointed toward a central portion 92 of 
the air bag 90. The inflator section 64 is oriented so 
that its inflation fluid outlets 74 are pointed toward 
a first side portion 94 of the air bag 90. The 
inflator section 66 is oriented so that its inflation 
fluid outlets 80 are pointed toward a second side 
portion 96 of the air bag 90, opposite the first side 
portion 94 . 

The lead wires 72, 78 and 84 of the three inflator 
sections 62-66 are connected with a digital 
sequencer 98. The digital sequencer 98 is operative to 
energize selectively the inflator sections 62-66 and, 
within each inflator section, the individual MEMS 
devices 70, 76 and 82, respectively. 

Thus, if it is desired that the air bag 90 be 
inflated primarily to one side rather than to the other 
side, for example, to help protect an out of position 
vehicle occupant, the digital sequencer 98 can energize 
the first and second inflator sections 62 and 64. The 
inflation fluid from the first inflator section 62 is 
directed toward the central portion 92 of the air 



bag 90 and acts primarily to inflate the central 
portion of the air bag. The inflation fluid from the 
second inflator section 64 is directed toward the first 
side portion 94 of the air bag 90 and acts primarily to 
inflate the first side portion of the air bag. The 
third inflator section 66 is not energized. The second 
side portion 96 of the air bag 90 is not inflated by 
inflation fluid directed toward the second side 
portion, but rather by inflation fluid directed toward 
other portions of the air bag. 

It is possible to use a fluid rather than a solid 
propellant in MEMS devices for actuating a vehicle 
occupant protection device. The fluid may directly 
replace the solid propellant bodies. Alternatively, to 
avoid making a complex housing having numerous welds to 
contain fluid under pressure, such a MEMS device may 
include a plurality of individual containers of fluid 
under pressure, inserted into a single housing. 

As an example. Fig. 6 illustrates schematically an 
inflator 100 constructed in accordance with a third 
embodiment of the invention. The inflator 100 includes 
a housing 102, which defines three chambers 104. In 
each chamber 104 is located a container 106. 

Each container 106 contains a fluid 108, which may 
or may not be under pressure. The container 106 is 
sealed by a rupturable wall portion 110, such as a 



burst disk. A manifold 112 extends across the top of 
the housing 102. The manifold 112 has a plurality of 
fluid outlets 114, which are aligned in a one-to-one 
relationship with the rupturable wall portions 110 of 
the containers 106. 

The inflator 100 includes a base 116, which has 
lead wires 117 electrically connected with a plurality 
of heating elements 118. The heating elements 118 are 
associated in a one-to-one relationship with the 
containers 106. Each individual combination of a 
heating element 118. and a container 106 forms a MEMS 
device 120. The lead wires 117 are also electrically 
connected with vehicle electric circuitry, such as the 
circuitry 16 (Fig. 1) . ^ 

In the event of a vehicle collision or other event 
for which protection of the vehicle occupant is 
desired, the vehicle electric circuitry sends an 
actuation signal over the lead wires 117 to the 
inflator 100. The vehicle electric circuitry is 
operable to provide an actuation signal for energizing 
any selected one or more of the MEMS devices 120. 

When an individual MEMS device 120 is energized, 
its heating element 118 generates heat, which is 
transmitted into the associated container 106. The 
fluid 108 in the container 106 is heated and increases 
in pressure- The increased pressure causes the 



associated rupturable wall portion 110 of the 

container 106 layer to rupture, which enables the 

J 

fluid 108 to flow out of the container. 

The fluid 108 is directed, by the fluid 
outlets 114, to the occupant protection device. The 
fluid output of the inflator 100 is dependent on, and 
varies with, the number of MEMS devices 120 that are 
energized, and the time of actuation of each individual 
device. Therefore, the vehicle electric circuitry 16 
can control the fluid output of the inflator 100, both 
in time and duration, by selectively energizing any one 
or more of a plurality of the MEMS devices 120 over a 
selected period of time. 

Fig. 7 illustrates schematically an inflator 130 
constructed in accordance with a fourth embodiment of 
the invention. In the inflator 130, MEMS devices 
function as initiators rather than as primary fluid 
sources. Specifically, the inflator 130 includes a 
housing 132 that defines a plurality of chambers. In 
the illustrated embodiment, the housing 132 defines 
three chambers 134. In each chamber 134 is located a 
main pyrotechnic charge 136. The pyrotechnic 
charge 136 is ignitable by heat to produce inflation 
fluid under pressure. 

A plurality of MEMS devices 138 are associated 
with each one of the chambers 134. In the illustrated 



embodiment, there are seven MEMS devices 138 associated 
with each one of the chambers 134. Each one of the 
MEMS devices 138 includes heatable contents in the form 
of a solid propellant material, which, when heated, 
ignites to produce hot combustion products. Each one 
of the MEMS devices 138 also includes an electric 
heating element 142. 

The heating elements 142 for all three 
chambers 134 of the inflator 130 are formed on a 
base 144. The base 144 may be manufactured in a manner 
similar to that of the base 22 (Fig. 3) . Lead 
wires 146 extend from the base 144 and are electrically 
connected with vehicle electric circuitry, such as the 
circuitry 16. 

In the event of a vehicle collision or other event 
for which protection of the vehicle occupant is 
desired, the vehicle electric circuitry sends an 
actuation signal over the lead wires 146 to the 
inflator 130. The vehicle electric circuitry is 
operable to provide an actuation signal for energizing 
any selected one or more of the MEMS devices 138. 

The MEMS devices 138 are used to control the rate 
of combustion of the main pyrotechnic charges 136. 
When an individual MEMS device 138 is energized, its 
heating element 142 generates heat to ignite its solid 
propellant material. The combustion products of the 



solid propellant material contact the adjacent 
pyrotechnic charge 136, igniting it. The ignition of 
the material 136 produces inflation fluid under 
pressure, which is directed through an inflation fluid 
outlet 148 to actuate the associated occupant 
protection device . 

The fluid output of the inflator 130 is dependent 
on, and varies with, the number of MEMS devices 138 
that are energized, and the time of actuation of each 
individual device. For example, if only one MEMS 
device 138 in the entire inflator 130 is energized, 
then only one of the three pyrotechnic charges 136 is 
ignited. Also, the one pyrotechnic charge 136 that is 
ignited burns relatively slowly because it is ignited 
only at one location. The fluid output of the inflator 
is relatively low. 

In contrast, if all the MEMS devices 138 for one 
of the three pyrotechnic charges 136 are ignited, that 
pyrotechnic charge burns relatively rapidly because it 
is ignited over a larger surface area. Further, if 
more than one of the pyrotechnic charges 136 is ignited 
by its associated MEMS devices 138, the fluid output of 
the inflator 130 will increase substantially. 

In this manner, the vehicle electric circuitry 16 
can control the fluid output of the inflator 130, both 
in time and duration, by selectively energizing any one 



or more of the MEMS devices 138 over a selected period 
of time. The MEMS devices are small enough that a 
large number of them may be used in the relatively 
small space typically occupied by one initiator. 

Fig. 8 illustrates schematically an inflator 150 
constructed in accordance with a fifth embodiment of 
the invention. In the inflator 150, MEMS devices 
function as initiators for a heated gas inflator. 

Specifically, the inflator 150 includes a 
housing 152 that defines a gas storage chamber 154. 
The gas storage chamber 154 contains a quantity of 
fluid 156 under pressure. The fluid 156 is a mixture 
of an inert gas, a fuel gas, and oxygen. 

A plurality of MEMS devices 160 are located in the 
gas storage chamber 154. Each one of the- MEMS • 
devices 160 is electrically actuatable to generate 
combustion products, including heat, for igniting the 
fuel gas. The MEMS devices 160 are formed in a batch 
process as a flexible sheet material 162. The 
resulting product is rolled up and inserted into the 
gas storage chamber 154 of the inflator 150 before the 
chamber is filled with the fluid 156 and sealed. Lead 
wires 164 extend from the MEMS sheet 162 and are 
electrically connected with vehicle electric circuitry, 
such as the circuitry 16 (Fig. 1). 
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In the event of a vehicle collision or other event 
for which protection of the vehicle occupant is 
desired, the vehicle electric circuitry sends an 
actuation signal over the lead wires 164 to the 
5 inflator 150. The vehicle electric circuitry is 

operable to provide an actuation signal for energizing 
any selected one or more of the MEMS devices 160. 

When an individual MEMS device 160 is energized, 
it generates hot combustion products to ignite the fuel 
10 gas component of the stored gas 156 in the gas storage 

chamber 154. The ignition of the fuel gas produces 
heat to increase the pressure of the inert gas that is 
present in the gas storage chamber 154. The resulting 
inflation fluid under pressure in the chamber 154 is 
15 directed through an inflation fluid outlet (not shown) 

y to actuate an associated occupant protection device . 

The fluid output of the inflator 150 is dependent 
on, and varies with, the number of MEMS devices 160 
that are energized, and the time of actuation of each 
20 individual device. For example, if all the MEMS 

devices 160 are energized simultaneously, the fuel gas 
is ignited rapidly and the pressure in the gas storage 
chamber 154 rises rapidly. The inflator will then 
direct inflation fluid into an associated vehicle 
25 occupant protection device more quickly and at a higher 

flow rate. In comparison, if only one MEMS device 160 



in the entire inflator 150 is energized, then the fuel 
gas is ignited and burns relatively slowly, and the 
fluid pressure in the gas storage chamber 154 rises 
relatively slowly. The inflator 150 will then direct 
inflation fluid into an associated vehicle occupant 
protection device at a later time and at a lower flow 
rate . 

The vehicle electric circuitry 16 can control the 
fluid output of the inflator 150, both in time and 
duration, by selectively energizing any one or more of 
the MEMS devices 160 over a selected period of time. 
The MEMS devices 160 are small enough that a large 
number of them may be used in the space typically^ 
occupied by one initiator, and they may be placed where 
desired for optimum combustion of the fuel gas. 

Figs. 9 and 10 illustrate schematically an 
inflator 170 constructed in accordance with a sixth 
embodiment of the invention. The inflator 170 is an 
augment type inflator, which uses the combustion of a 
solid propellant material to increase the pressure of 
gas stored in a container. 

The inflator 170 includes a housing 172, which 
defines a gas storage chamber 174. The gas storage 
chamber 174 contains a quantity of fluid 176 under 
pressure. The fluid 176 is preferably an inert gas. 



such as nitrogen. The housing 172 has a rupturable 
portion 178, such as a burst disk. 

The inflator 170 includes an actuator 
assembly 180. The actuator assembly 180 comprises a 
plurality of MEMS devices 182 located in a housing 184 
in the gas storage chamber 17 6. Each one of the MEMS 
devices 182 includes heatable contents, such as a solid 
propellant material 186, which is ignitable to generate 
combustion products, including heat. Lead wires 188 
extend from the MEMS devices 182 and are electrically 
connected with vehicle electric circuitry, such as the 
circuitry 16 (Fig. 1). 

In the event of a vehicle collision or other event 
for which protection of the vehicle occupant is 
desired, the vehicle electric circuitry sends an 
actuation signal over the lead wires 188 to the 
inflator 170. The vehicle electric circuitry is 
operable to provide an actuation signal for energizing 
any selected one or more of the MEMS devices 182 in the 
initiator assembly . 

When one of the MEMS devices 182 is energized, its 
solid propellant material 186 is ignited and generates 
hot combustion products, which contact the fluid 176 in 
the gas storage chamber 174. The temperature of the 
fluid 176 in the gas storage chamber 174 is raised and, 
accordingly, its pressure. The burst disk 178 
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ruptures, enabling flow of inflation fluid 176 out of 
the gas storage chamber 174. The burning propellant 
material 186 of the MEMS device 182 also generates 
inflation fluid to increase directly the pressure in 
5 the gas storage chamber 174. 

If more than one of the MEMS devices 182 is 
energized simultaneously, the pressure in the gas 
storage chamber 174 will increase to a greater 
pressure, enabling a more rapid flow of inflation 
10 fluid 176 out of the inflator 170. The associated 

aj 

vehicle occupant protection device will be inflated 

ill 

lii more quickly and at a higher flow rate. Also, if 

^- 

r^i several of the MEMS devices 182 are energized at 

^' different times, the flow rate of inflation fluid 176 

[2 15 flowing from the inflator 170 can be varied over time, 

yi Thus, the vehicle electric circuitry 16 can control the 

|Il time of rupturing of the burst disk 178, and the 

consequent fluid output of the inflator 170, both in 
time and duration, by selectively energizing any one or 
20 more of the MEMS devices 182 over a period of time. 

Fig. 11 illustrates schematically a portion of an 
inflator 190 constructed in accordance with a seventh 
embodiment of the invention. The inflator 190 includes 
a container 192 having a wall 194 and defining a gas 
25 storage chamber 196. The wall 194 has an inflation 

fluid outlet 198 through which inflation fluid stored 



under pressure in the gas storage chamber 196 can exit 
the inf later 190. The inflation fluid outlet 198 is 
closed by a burst disk 200. 

The inflator 190 includes a MEMS assembly 202 for 
opening the burst disk 200. The MEMS assembly 202 
includes one or more MEMS devices 204. In the 
illustrated embodiment, the MEMS assembly 202 includes 
three MEMS devices 204. The MEMS assembly 202 is 
connected by lead wires 206 with vehicle electric 
circuitry such as the circuitry 16 (Fig. 1) . 

In the event of a vehicle collision or other event 
for which protection a vehicle occupant is desired, the 
vehicle electric circuitry sends an actuation signal 
over the lead wires 206 to the inflator 190. The 
vehicle electric circuitry is operable to provide an 
actuation signal for energizing any selected one or 
more of the MEMS devices 204. 

When any one of the MEMS devices 204 is energized, 
it generates combustion products and/or a shock wave, 
which are directed into contact with the burst 
disk 200. The burst disk 200 ruptures, enabling flow 
of inflation fluid out of the gas storage chamber 196 
through the inflation fluid outlet 198. The inflation 
fluid is directed into an associated occupant 
protection device . 



The MEMS devices are small enough that several may 
be used in conjunction with one relatively small burst 
disk. If more than one of the MEMS devices 204 is 
energized simultaneously, the burst disk 200 will open 
to a greater extent, enabling a more rapid flow of 
inflation fluid out of the inflator 190 through the 
inflation fluid outlet 198. The associated vehicle 
occupant protection device will be inflated more 
quickly and at a higher flow rate. Also, if several of 
the MEMS devices 204 are energized at different times, 
the opening of the burst disk 200 will occur over an 
extended period of time, to tailor the flow of 
inflation fluid out of the inflator 190 through the 
inflation fluid outlet 198. Thus, the vehicle electric 
circuitry 16 can control the rupturing of the barst 
disk 200, and the consequent fluid output of the 
inflator 190, both in time and duration, by selectively 
energizing any one or more of the MEMS devices 204 over 
a period of time. 

The MEMS heating element may, alternatively, be a 
reactive bridge. A reactive bridge is a wire form 
bridge of bimetallic construction that yields thermal 
energy when energized electrically, principally by the 
release of alloy or intermetallic heat of formation 
from the chemically reacted metals. Reactive bridges 
are shown in U.S. Patents 2,911,504 and 3,503,814, and 



are available commercially from Sigmund Cohn Corp., 121 
South Columbus Avenue, mount Vernon, New York, Internet 
site www . sigmundcohn . com , under the brand name 
PYROFUZECg). When the two metallic elements of the 
reactive bridge are brought to the initiating 
temperature by flow of electric current, they alloy 
rapidly resulting in instant deflagration without 
support of oxygen. 

One advantage of using a reactive bridge is that 
it generates and disperses so much heat that it need 
only be close to (and not in intimate contact with) the 
material that it is to ignite (such as solid 
propellant) . A resistive heating element, on the other 
hand, must be maintained in intimate contact with the 
material being ignited. The reactive bridge can be 
deposited on the MEMS base layer by a number of 
different methods . 

From the above description of the invention, those 
skilled in the art will perceive improvements, changes 
and modifications in the invention. Such improvements, 
changes and modifications within the skill of the art 
are intended to be covered by the appended claims. 



